Olivacine (1,5-dimethyl-6H-pyrido[4,3-b]carbazole) is a member of the pyridocarbazole family of alkaloids. It was first isolated from the bark and stem of Aspidosperma olivaceum 2) and it has been found to possess similar antitumor activity as its 5,11-dimethyl isomer, ellipticine, and related compounds like 9-methoxyellipticine. 3, 4) As the main mechanism of these agents' antineoplastic action, a stabilization of the "cleavable complex" which is formed between DNA and the enzyme, topoisomerase II, 5) is generally accepted, although additional mechanisms have been discussed for some pyridocarbazoles, e.g. reactivation of the lost functionality of the p53 protein.
Olivacine (1,5-dimethyl-6H-pyrido [4,3-b] carbazole) is a member of the pyridocarbazole family of alkaloids. It was first isolated from the bark and stem of Aspidosperma olivaceum 2) and it has been found to possess similar antitumor activity as its 5,11-dimethyl isomer, ellipticine, and related compounds like 9-methoxyellipticine. 3, 4) As the main mechanism of these agents' antineoplastic action, a stabilization of the "cleavable complex" which is formed between DNA and the enzyme, topoisomerase II, 5) is generally accepted, although additional mechanisms have been discussed for some pyridocarbazoles, e.g. reactivation of the lost functionality of the p53 protein. 6) Based on the naturally occurring lead compounds, numerous modifications of this system have been studied, 7) leading to the development of drugs like elliptinium, 8) datelliptium, 9) retelliptine, 10) or pazelliptine.
11)
More recently, the highly potent olivacine analog, S16020-2, 12, 13) has attracted considerable attention due to its apparent ability to circumvent P-glycoprotein-mediated multidrug resistance. 14) Among the structural variations which have been described so far, there are several examples for incorporation of an additional nitrogen atom into the tetracyclic skeleton, like in the case of 9-aza-ellipticine 15) or pazelliptine. 11, 16) Based on previous investigations in the 3-aza-ellipticine series by Landelle et al., 17) we recently reported the synthesis of several pyridazino [4,5-b] carbazoles, some of which exhibited significant antitumor activity. 18) In the course of our ongoing research in this field, we now became interested in the synthesis of the hitherto unknown title molecule, 1,5-dimethyl-6H-pyridazino [4,5-b] carbazole, as a 3-aza isoster of olivacine, which was required as a reference compound. Until now, only one method for the preparation of 1,5-dialkyl-6H-pyridazino [4,5-b] carbazoles has been described, which is based on a ring transformation of 5-acyl-11H-pyrido [4,3-a] carbazoles under Wolff-Kishner conditions. 19) However, this sequence inherently leads to 5-ethyl-substituted pyridazino [4,5-b] carbazoles and thus cannot be adopted to the synthesis of our target structure. Here, we wish to report on a short synthesis of 3-aza-olivacine and on the results of an initial in-vitro testing for antitumor activity.
In a first approach to the 1,5-disubstituted pyridazino [4,5-b] carbazole skeleton, we investigated the selective addition of methyllithium to an appropriate 1-methylcarbazole-2,3-dicarboxylic acid derivative. After some unsuccessful attempts with the corresponding anhydride, we employed the protected N-phenylimide (5) as the electrophile. This compound can be easily prepared starting from commercially available 1-methylpyrano [3,4-b] indol-3(9H)-one 20) (1) by Diels-Alder reaction with dimethyl acetylenedicarboxylate which gives the diester (2), 20, 21) followed by ester hydrolysis and subsequent formation of the cyclic anhydride (3). 22) Heating of the latter with excess aniline, followed by protection of the carbazole nitrogen with a benzenesulfonyl group gives 5 in good overall yield. For steric reasons, attack of a carbanionic reagent could be expected to take place preferentially at the less hindered CO group of the cyclic imide structure. Indeed, this was found to be the case: treatment of 5 with methyllithium in tetrahydrofuran at Ϫ10°C afforded the two acetylcarbazolecarboxamides 6a and 6b in a ratio of 1.6 : 1 in favor of the desired isomer 6a; structural assignment is based on nuclear Overhauser enhancement (NOE) difference spectroscopy. Whereas the moderate regioselectivity of this transformation is compensated to some extent by the high combined yield (90%), the separation of the two isomers turned out to be very difficult, requiring multiple runs of mediumpressure liquid chromatography. Refluxing of the main product (6a) in hydrazine hydrate for 24 h smoothly effected the desired pyridazinone ring closure as well as deprotection of the carbazole nitrogen to afford the key intermediate (7a) in high yield. However, in view of the cumbersome 6a/6b separation, we decided to investigate alternative routes to this fused pyridazinone in such a manner that all of the required carbon atoms should be introduced already at the stage of the initial Diels-Alder reaction with the pyrone (1).
Based on findings previously reported by Moody 23) who had used similar reagents, we succeeded in transforming the diene 1 regiospecifically into the lactone 8 in high yield (92%), using ethyl 4-hydroxy-2-pentynoate as the dienophile in refluxing bromobenzene solution. In order to introduce the required ketone functionality, an attempt was made to selectively brominate the C1 atom of the fused system in analogy to syntheses of other benzo-fused bromo lactones, 24, 25) by treatment of 8 with N-bromosuccinimide (NBS) and dibenzoyl peroxide in refluxing chloroform. However, we were not able to obtain the desired bromo lactone: employment of one equivalent of NBS resulted in the formation of a 1 : 1 mixture of unreacted starting material and a compound which must be a dibrominated derivative. The yield of this dibromo compound for which structure 10 is proposed (cf. Chart 3) could be raised to about 80% by increasing the NBS amount to 2.2 eq. Although the unstable dibromo lactone could not be isolated and purified, it could be easily transformed into a stable crystalline product by prolonged refluxing in hydrazine hydrate. Under these conditions, the protecting group is split off and the pyridazinone ring is formed. Interestingly, the latter was found to bear a hydroxymethyl substituent at position 1.
Although reductive transformation of the CH 2 OH group in 11 into the required methyl substituent could be envisaged, a more direct route to the target structure was sought by a modified pathway which should avoid the need to oxidize any carbon atom. This could be accomplished by employment of ethyl 4-oxo-2-pentynoate as the dienophile in the Diels-Alder reaction with 1, however at the expense of an almost complete loss of regioselectivity, which is not surprising in view of previous observations with similar reagents.
23)
The ratio of the isomeric keto esters (12a, b) thus formed was determined by 1 H-NMR as 1.2 : 1 in favor of the desired isomer (12a). Whereas the combined yield is very high and the cycloaddition proceeds smoothly within only 2 h of refluxing in bromobenzene solution, the main problem turned out to be the complete failure to separate the isomers by any means. Moreover, hydrazinolysis of the ester mixture by refluxing in ethanolic hydrazine hydrate for 18 h expectedly gave the fused pyridazinones 7a and 7b in excellent combined yield, but again all attempts failed to separate 7a from its isomer at this stage. However, careful reaction monitoring of this cyclocondensation step by 1 H-NMR revealed that the desired pyridazinone (7a) is formed from its precursor (12a) much faster than the isomer (7b) from the corresponding keto ester (12b). Taking advantage of this kinetic aspect and of the low solubility of the tetracyclic product in the reaction medium, a convenient method for the preparation of pure 7a was developed, simply by interrupting the hydrazinolysis process after only 10 min of refluxing, followed by isolation of the precipitate thus formed (see Experimental). The onepot sequence 1→12a, b→7a thus affords the key intermediate in 30% yield based on the commercially available starting material. After isolation of 7a, refluxing of the remaining reaction mixture was continued for 18 h to give another precipitate which was found to be a mixture of 7a and 7b in a ratio of 0.6 : 1 from which a pure sample of the latter pyridazinone could be isolated by fractional crystallization.
The last two steps to the target compound are straightforward: first, the pyridazinone (7a) was converted into the chloro compound (13) in very good yield by refluxing in phosphorus oxychloride, and finally the chloro substituent was reductively removed by catalytic transfer hydrogenation, using ammonium formate as the hydrogen source. Work-up by continuous extraction with ethyl acetate of an aqueous suspension of the crude product gave analytically pure 14 in satisfactory yield.
Preliminary evaluation of the cytotoxic activity of 3-azaolivacine (14) towards four human tumor cell lines, using the XTT 26) assay (Table 1) , showed significant effects only at a relatively high concentration of 3.16 mg/ml (approx. 10
whereas at lower concentrations (10 Ϫ6 to 10 Ϫ9 M) no dose-dependent activity was observed. For all cell lines, growth inhibitory activity of 14 was found to exceed that of the 5-monomethyl congener (15) , the synthesis of which we had reported recently. 18) In conclusion, a series of b-fused carbazoles could be made available, utilizing the Diels-Alder reaction of 1-methylpyrano [3,4-b] indol-3(9H)-one (1) with electron-deficient acetylenic dienophiles as the key step. Employment of a 4-oxo-2-pentynoic acid ester in this cycloaddition reaction thus permits the synthesis of the title compound (14) as a new 3-aza bioisoster of the natural product, olivacine, in only four steps from commercially available material. Further structural modifications of this compound type will be carried out, aiming at an enhancement of antineoplastic activity.
Experimental
Melting points (uncorrected) were determined on a Kofler hot-stage microscope (Reichert). dione 27) (4) A mixture of 1-methylcarbazole-2,3-dicarboxylic acid anhydride (3) (1.0 g, 3.98 mmol) and aniline (20 ml) was refluxed for 2 h. After cooling, it was poured into ice-water (50 ml). The pH was adjusted to 1-2 by addition of concd hydrochloric acid and the product was collected by filtration, washed with water, and dried. Recrystallization from methanol afforded the imide 4 (1.17 g, 90%) as colorless crystals, mp 312-313°C (lit. 27 ) mp 297-298°C).
5-Benzenesulfonyl-3,5-dihydro-4-methyl-2-phenylpyrrolo[3,4-b]carbazole-1(2H),3-dione (5)
To a stirred, ice-cooled solution of the imide 4 (2.0 g, 6.13 mmol) in a 1 : 1 mixture of toluene and DMF (50 ml) was added sodium hydride (80% suspension; 0.28 g, 9.3 mmol) in small portions. After 10 min, benzenesulfonyl chloride (1.42 g, 8.04 mmol) was added, and the mixture was stirred at room temperature for 4 h. Excess sodium hydride was then decomposed with 7% sulfuric acid, and the product was extracted with toluene. The extract was washed with water, dried, and evaporated. Recrystallization of the residue from acetonitrile gave compound 5 (2.63 g, 92%) as colorless crystals, mp 257-259°C. Reaction of the Imide 5 with Methyllithium A 1.4 M solution of methyllithium in diethyl ether (1.1 ml, 1.54 mmol) was added dropwise at Ϫ10°C to a stirred suspension of the imide 5 (620 mg, 1.33 mmol) in dry THF (40 ml) under an atmosphere of nitrogen. The mixture was stirred at Ϫ10°C for 30 min and then at room temperature for 1 h. The volatile components were removed under reduced pressure and the solid residue was prepurified by short-column chromatography (eluent: ethyl acetate/light petroleum, 1 : 1). The mixture of the two isomeric products 6a and 6b was separated by repeated MPLC with recycling of mixed fractions (eluent: ethyl acetate/light petroleum, 1 : 1). carbazol-4-one (7a) A mixture of compound 6a (241 mg, 0.5 mmol) and hydrazine hydrate (5 ml) was refluxed for 24 h. The excess reagent was removed under reduced pressure and the residue was triturated with 1 M hydrochloric acid (10 ml). The solid was collected by filtration, washed with water, and dried. Recrystallization from ethanol afforded the product (116 mg, 88%) as colorless crystals, mp 312-314°C (decomp). and Nbromosuccinimide (196 mg, 1.1 mmol) in dry chloroform (10 ml) was heated to reflux. Dibenzoyl peroxide (70%; 10 mg, 0.03 mmol) was added, and refluxing was continued for 3 h. The solvent was evaporated under reduced pressure, the residue of crude dibromo compound 10 was taken up in hydrazine hydrate (5 ml) and the mixture was refluxed for 18 h. It was then diluted with water (20 ml) and the precipitate was collected by filtration, washed with water, and dried. The material was washed several times with boiling methanol to afford the pure product (130 mg, 93%) as pale yellow crystals, mp Ͼ320°C (decomp). One-Pot Synthesis of the Pyridazinones 7a and 7b from the Pyranoindole 1 A solution of 1-methylpyrano [3,4-b] indol-3(9H)-one (1) (398 mg, 2 mmol) and ethyl 4-oxo-2-pentynoate 29) (560 mg, 4 mmol) in bromobenzene (30 ml) was refluxed under argon for 2 h. The volatile components were removed under reduced pressure and the oily residue consisting of the two isomeric esters 12a and 12b was dissolved in ethanol (8 ml). After addition of hydrazine hydrate (300 mg, 6 mmol), the solution was refluxed for 10 min, then it was immediately chilled. The precipitate was collected by filtration, washed with ethanol, and dried to afford pure 7a (160 mg, 30%). The filtrate was refluxed for another 18 h. The precipitate thus obtained was filtered off, washed with ethanol, and dried to afford a mixture of 7a and 7b (225 mg, 43%) in a ratio of 0.6 : 1. Fractional crystallization from ethanol gave pure 2,6-dihydro-4,5-dimethyl-1H-pyridazino[4,5-b]carbazol-1-one (7b) as colorless crystals, mp Ͼ350°C (decomp). 
Evaporation of the first fraction afforded N-phenyl-3-acetyl-1-methyl-9-

